Oxidative DNA damage induced by visible light in mammalian cells: extent, inhibition by antioxidants and genotoxic effects.
The extent of the indirect DNA damage generated in mammalian cells by visible light because of the presence of endogenous photosensitizers was studied by means of repair endonucleases. In immortalized human keratinocytes (HaCaT cells) exposed to low doses of natural sunlight, the yield of oxidative DNA base modifications sensitive to the repair endonuclease formamidopyrimidine-DNA glycosylase (Fpg protein) generated by this indirect mechanism was 10% of that of pyrimidine dimers (generated by direct DNA excitation). A similar yield of Fpg-sensitive modifications, which include 8-hydroxyguanine, was observed in primary keratinocytes. The relative yield of oxidative base modifications decreased at higher light doses, probably as a result of photodecomposition of the endogenous chromophore involved. For the three cell lines tested, viz. HaCaT cells, L1210 mouse leukemia cells and AS52 Chinese hamster cells, the yield of oxidative base modifications generated by a low dose of visible light appeared to be correlated with the basal concentrations of porphyrins in the cells. Induction of cellular porphyrin synthesis by pretreatment with 5-aminolaevulinic acid increased the light-induced oxidative damage in L1210 cells several-fold. In both induced and uninduced cells, the damage was inhibited by more than 50% in the presence of ascorbic acid (100 microM), while alpha-tocopherol and the iron chelator alpha-phenanthroline had no effect and beta-carotene even increased the damage. Even high doses of visible light did not significantly increase the numbers of micronuclei in L1210 cells or of gpt mutations in AS52 cells. The negative outcome can be fully explained by the photobleaching of the endogenous photosensitizers, which prevents the generation of sufficiently high levels of oxidative DNA damage. Therefore, the mutagenic risk arising from the indirectly generated oxidative DNA modifications induced by sunlight may be underestimated when results obtained at high doses are extrapolated to low doses or low dose rates.